Objective-To estimate the effectiveness ofinfluenza vaccine in preventing hospital admission for pneumonia in noninstitutionalised elderly people. Design-This was a case-control study.
1995. Each case was matched with two sex matched control subjects aged 65 years or older admitted to hospital in the same week for acute abdominal surgical conditions or trauma. The sampling of incident cases was consecutive. Eighty three cases and 166 controls were identified and included in the study. Measurements-Trained interviewers completed a questionnaire for each subject on the vaccination status, smoking habits, previous diseases, health care use, social contacts, family background, the vaccination status of the family carer, home characteristics, and socioeconomic status.
Results-The adjusted odds ratio of the influenza vaccination preventing admission to hospital for pneumonia was 0.21 (95% confidence interval 0.09, 0.55). The variables which best explained the risk of being a case were age, intensity of social contacts, health care use, previous diseases, and the existence of a vaccinated family carer. Conclusions-Influenza vaccination reduced significantly hospital admissions for pneumonia in non-institutionalised elderly people. Influenza is a considerable public health problem. Coexistent with periods of influenza virus circulation there have been reports of significant increases in hospitalisation rates, adjusted by gender and age, for pneumonia, influenza, acute bronchitis, chronic respiratory diseases, and congestive heart diseases.' 2 Influenza virus circulation is accompanied by an excess mortality, 80% of which occurs in those aged 65 years or older.3 4 For these reasons yearly influenza immunisation has been recommended in predetermined high risk groups. 5 Although influenza vaccine has been available for more than five decades, its acceptance in Spain has been slow,6 as well as in other countries. There are several reasons for this:
* The need for seasonal vaccination, * Concern about side effects, * Conflicting evidence of the vaccine's effectiveness in the elderly because there had been no clinical trials in this age group until recently, and most observational studies have shown contradictory findings and weaknesses.7-Two recent meta-analyses'°" on vaccine efficacy in preventing hospital admission for pneumonia in the elderly showed that some of the observational studies performed between 1980 and 1994 had been conducted in populations with low vaccination rates, showed difficulties in defining precisely an adequate study base, or did not include enough subjects with the consequence that they lacked statistical power to reach useful conclusions. These factors may have hampered their ability to show conclusive results and have contributed to the uncertainty about the benefits of influenza vaccination. The reported estimates of vaccine efficacy for preventing hospital admission for pneumonia were similar in both meta-analyses, ranging from 32% to 45%.
The scientific evidence for the effectiveness of interventions is increasing through the accumulation of consistent results in different geographical areas and populations. 12 We have aimed to make a contribution by exploring the impact of vaccination in preventing admission to hospital for pneumonia in people aged 65 years and over living outside institutions.
Methods
The study was Trained interviewers completed a structured questionnaire with the assistance of the patient, or the family carer, while the patient was in hospital. A subject was considered vaccinated if they, the family carer, or both, said that a dose ofvaccine had been administered, if it had been administered at least 15 days earlier than the patient's admission to hospital and if the patient, the family carer, or both, remembered the month, the place, and the kind of health professional who had administered the influenza vaccine.
Information was collected on previous chronic diseases (cardiopathy, respiratory tract disease, and diabetes), smoking history, vaccination status of the usual family carer, living arrangements, level of home equipment (bathroom, washing machine, telephone, heating, elevator, television, video), level of social interaction (varying from "always at home" to "going out daily and having social relationships"), the number of previous contacts with primary health care services in the past three months, and the number ofhospital admissions during the past 12 months.
The protocol was approved by the investigation committees of the participating hospitals.
STATISTICAL ANALYSIS
A descriptive analysis of the distribution of the characteristics between cases and controls was performed. The differences were evaluated using x2 statistics, and crude exposition matched odds ratios were calculated using a bivariate conditional logistic regression. Ninety five per cent confidence intervals were estimated using the standard errors. '8 A conditional logistic regression model for matched data was used to adjust for confounding factors, effect modification, and interaction terms.'9 20 The criteria2' 22 used in order to build the regression model were that the influenza vaccination status had to be present in any of the possible adjusted models, and those variables whose score test had a p value < 0.25 when systematically and jointly compared with the model that already included previous selected variables, were sequentially introduced in the model one by one.
Influenza vaccination odds ratios, given the sampling method (incident cases), provided an estimation of the relative risk (RR).23 Population impact was estimated as the preventable fraction of the disease due to vaccination: (1_RR)*100). 24 The absolute reduction in admissions to hospital for pneumonia as a result of influenza vaccination in our study context was estimated through the difference between the cumulative incidence in the exposed (p1) minus the cumulative incidence in the non-exposed (p2).25 Both parameters were estimated from the cumulative incidence in the general population (p). The percentage of population vaccinated (e) was assumed to be that observed in the controls. 14 There were no significant differences in the number of times previously cases and controls had used of primary care health services or in 
Discussion
Our results are consistent with other recently published studies,26 27 and support the evidence for the effectiveness of vaccination in preventing influenza and its ability to reduce considerably the number of hospital admissions among the non-institutionalised elderly. The present study has some advantages over other previous case control studies. [28] [29] [30] [31] [32] [33] [34] In the first place, our study has been conducted in a context in which the vaccination levels were high (greater than 60%) and the population size was considerable. Secondly, we examined the effect of some factors which have not been evaluated in previous studies and which showed a strong confounding effect. These were the level of social interactions and of other variables that probably behaved as surrogates of a severe degree of comorbidityprimary health care services and family carer vaccination status. In addition, our controls were not elective admissions. This aspect improved their comparability to the cases in respect of their experience of access to health care, preventing a potential bias produced by a different hospitalisation probability between cases and controls.
The exhaustive incidence density sampling used in our study accounted for the representativeness of the identified cases from our actual population of potential cases, and the OR was a good estimator of the risk ratio.23
It is not possible in our study to reject the existence of a non-differential classification bias due to the low specificity of the pneumonia diagnosis in respect of its influenza infection origin. Yet this bias would undervalue the estimated protector effect of influenza vaccination, because some non-cases would have been clas- Chronic obstructive pulmonary disease and diabetes were the two risk factors that made a major contribution to the probability of being a case in our study, independently of the rest of the measured variables.
The "U" shaped age behaviour could be attributed to a selection of healthier subjects with less comorbidity who therefore reached older ages or to the fact that those elderly who were healthier had, in our study base, more chance of being admitted to hospital. In fact, the existence of previous comorbidity was significantly higher (p=0.026) in subjects aged 75 to 79 years age (70.7%) than in those 80 years old or older (54.8%).
The vaccination status of the family carer was a strong and significant confounder of the estimated effect of influenza vaccination. The vaccination status of the family carer seemed to be acting as an indicator of the severity of any underlying previous diseases in the study subjects. It added information about this circumstance, which was not measured as we categorised comorbidity as a dichotomous variable (present or not). Vaccination of the family carer could happen more frequently in those individuals for whom the perception of risk was high. Thus, the vaccination of the family carer was more usual in the family carers of diabetics (64.7%) than in those without this condition (55.3%), and in the family carers of those with cardiopathy (51.3%) than in those without this disorder (45.6%). All these facts reinforce our assumption that this factor behaved as a surrogate of the gravity level of the underlying disorder.
In addition, if we forced the model introducing the interaction term between being diabetic and the vaccination status of the family carer, the risk of being admitted to hospital for pneumonia was substantially reduced. The adjusted OR of the protection conferred to a diabetic subject by a vaccinated family carer versus an unvaccinated family carer was 0.52 (table 6) . However, when the interaction term was introduced into the model it became numerically unstable. As our goal was to estimate the main effect of influenza vaccination and not to predict the risk of being a case, we opted for its exclusion from the final model. 
